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Abstract-Environmental pollution caused by oil takes many different forms; one of the most damaging sources is simply the combustion of oil products, such as a well flare burn-off. This paper presents the results of a survey of the agriculture lands around the Taq Taq Oil Production Company. The aim of the survey was to determine the potential contamination caused by the gas emissions from the well flares. Taq Taq field is located in the Kurdistan Region of Iraq, 60 km north of the giant Kirkuk oil field, 85 km south-east of Erbil and 120 km north-west of Suleimani. Samples of soil were collected from several locations around the site and analyzed to determine the content of Polycyclic Aromatic Hydrocarbons PAH present. A gas chromatography linked to a mass spectrometry (GCMS) machine was used for these measurements. The PAH contamination at each location of soil was determined and the 16-PAHs, as listed in the US Environmental Protection Agency (EPA) documentation were investigated. The average content of total PAH in all samples of the agricultural soil was 0.654 mg·kg -1 with the concentrations ranging from 0.310 to 0.869 mg·kg -1 . It was found that the PAH concentrations decreased with increasing distance from the TTOPCO oil field, indicating that pollution was evident, the area close to the field being more affected by the gas pollution.
Index Terms-Flare, geographic information system, pollution, polycyclic aromatic hydrocarbon, TTOPCO.
I. INTRODUCTION
The concern for oil field emissions of pollutants and their effect on the Kurdistan environment has been increasing since 2004 and in Koya city since 2005 when Taq Taq field started to expand by Addax Petroleum world Class Company. Excessive discharge of hydrocarbons to flare is resulting in flooding of black smoke (plume) which is caused a disaster to the environment.
Soil is the primary environmental reservoir for persistent organic pollutants (POPs) in the terrestrial environment. Once deposited, POPs may reside in the soil for many years. However, soil may not be a permanent sink for these compounds; they tend to recycle continuously between the atmosphere and the terrestrial environment over long periods of time. The soil therefore can either be a sink for POPs or become a source of POPs back into the atmosphere (Mackay, 2001; Cousins, Beck and Jones, 1999) . Among the persistent organic pollutants, polycyclic aromatic hydrocarbons (PAHs) are very important. Polycyclic aromatic hydrocarbons (PAHs) contain complex chemicals which include carbon and hydrogen with a fused ring structure, containing at least two benzene rings (Sexton, et al., 2011) . PAHs are generally produced by the incomplete combustion of organic material, for example, fossil fuels. Burning carboniferous materials release copious amounts of smoke containing polynuclear aromatic hydrocarbons (PAHs). Via atmospheric deposition PAHs also reach soil and sediments in areas remote from industry, airports and highways. In addition, oil spills due to accidents or careless oil handling are polluting factors. More than 100 PAHs have been characterized in nature, sixteen of which were classified as priority pollutants according to US Environment Protection Agency (Bishnoi, et al., 2005) . PAHs that have accumulated in soils may directly or indirectly pose a risk to human and ecosystem health (Jones, 1991) .
Polynuclear aromatic hydrocarbons have been documented to cause several health problems (Hati, et al., 2009) . Some PAHs and their derivations are highly toxic. Their mutagenic or carcinogenic properties are the main risk to human health (Prycek, Ciganek and Srinek, 2007) . Risk assessment and source apportionment of PAH-contaminated soils require accurate analysis of the concentration of each PAH component in the soil. At present the analytical equipment used for the measurement of PAHs in soils mainly comprises gas chromatography (GC) (Kuosmanen, et al., 2003; Zuazagoitia, Millán, and Garcia-Arrona, 2009 ), gas chromatography-mass spectrometry (GC-MS) (Ene, et al., 2012) and high performance liquid chromatography (HPLC) (Yang, et al., 2011) . In this study all samples were analyzed by gas chromatography-mass spectrometry. Soil contamination by
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The objective of this paper is to investigate the occurrence of PAHs in agricultural soils that are directly impacted by Taq Taq oil field in topsoil in the vicinity of a TTOPCO (5000-meter buffer) in the Kurdistan region, This information on PAH distribution can be used for health risk assessment and future urban development.
II. METHODS AND MATERIALS

A. Study Site
The area of the study site is about 2827.4 Hectares (ha) and located between 453636 and 459635 longitudes and 3981823 and 3987823 latitudes. The Taq Taq is one of the largest oil fields in Kurdistan Region, it is located near the town of Koya in the heart of the region; 60 km north of the giant Kirkuk oil field, 85 km south-east of Erbil and 120 km north-west of Suleimani, Fig. 1 . Addax Petroleum was the first international oil company participated to develop Taq Taq field in 2005 (Sinopic, 2013). Taq Taq is currently producing 40000 bpd of oil and burning the waste gases via two flares, one of them is not burning the gases properly so it is discharging wastes more than the other. The predominant land use of these catchment areas are: agriculture with predominant crops of wheat, barley, alfalfa and potato, garden and orchard. The minimum and maximum height of study area from sea surface is 449 m and 639 m respectively. 
B. Sampling of Soils and Analytical Methods
Soil Sampling and Preparations
Twelve composite soil samples were collected from 0-10 cm depth by dividing the affected area into a grid of 500 m × 500 m using random systematic method, Fig. 2 . The area at each sampling point was about 20 m × 20 m grid and soil samples were taken from each corners and center of each grid. The sampling sites were selected in order to reflect the diverse exposure of soils to the pollution sources and dominant wind directions. The sampling sites are shown in Fig. 2 and described in Table 1 . The samples were collected from the surface layer (from 0-10 cm depth), after removing grass in agricultural soil.
Approximately 500 g of material were collected from a square area of 20 × 20 m in each sampling site. All samples were put into envelope of sealed aluminums foil containers with a minimum headspace of air, and immediately transported to the laboratory. The envelopes of the samples were kept with ice through the survey and during the transportations to avoid the escaping of hydrocarbons, in laboratory they are kept in refrigerator. The containers were used only once with clean equipment for each sample. 
Extraction and Analysis of PAHs
Initially, all samples were thoroughly homogenized by a sieve shaker on a 2 mm metal sieve. The water content (10-14% w) was determined on portions of homogenized samples after 24h drying at 105 °C . Different drying procedures, including thermal and chemical drying, were applied. Thermal drying was performed at 40 °C for five days and at 105 °C for 24h. The soil samples were subsequently extracted using the Ultrasonic Extraction method. Four gram from each soil samples were subjected to ultrasonic extraction according to the analytical scheme described by Berset, et al. (1999) . Briefly, the samples were put into glass conic bottles with 25ml of a solvent mixture (hexane/acetone 85/15 v/v) and were left in the ultrasonic bath (300 W) for 30 min. The extracts were filtered twice through Whatman paper No 42 (2.5 μm pore size) and stored in the refrigerator in dark amber glass flasks, closed with teflon screw caps for subsequent analysis. A known amount of internal standard (hexamethybenzene) was added to all extracts prior to PAHs analysis. These PAHs were quantitatively analyzed by GCMS (GC17AAF) using a 30 m × 0.25 mm fused silica capillary column (SUPELCO PTE) with helium as the carrier gas at flow rate of 1.2 ml.min -1 .1 μL of aliquot from a known volume of analytic solution was injected manually. Verification of peaks was carried out based on key fragment ions, retention times compared to those of external PAHs standards, and/or mass spectra. Only those peaks located within the proper range (2%) of retention time were integrated for qualification and quantification. quantitation were performed using external standards of a mixture of PAHs.
The GC temperature program was as follows: initially at 80 °C for 5 min, increased to 290 °C at 3 °C /min, and held for 30 min. A 1 μL sample was injected into the split/split less injector with a 5 min solvent delay.
All solvents used in this study were of analytical grade from Merck. A standard mixture of the 16 EPA priority PAHs, 2000 μg/ml each from Supelco was used for the GC-MS calibration and n-dodecane (99%) from Aldrich as internal standard. Aluminum oxide (90 active neutral), 70-230 mesh from Merck and Silica gel, 100-200 mesh from Aldrich, were also used. In this study, 16 priority pollutant PAHs identified by the US Environmental Protection Agency (EPA) were analyzed.
Sixteen USEPA (United State Environmental Protection Agency) priority PAHs were selected and they are abbreviated as Naphthalene (NAP), Acenapthylene (ANY), Acenapthene (ACP), Fluorine (FLU), Phenanthrene (PHEN), Anthracene (ANT),
C. GIS Mapping
A geographic information system (GIS) was used to create a survey map of PAH. A GPS receiver of type (GPS Garmin 62s, USA) was used to record the position of sample locations. From the Global Positioning Satellite (GPS) receiver, the WG84 coordination system was transformed to the TM coordination system to fit the actual map. For the distribution map, GIS software, Arc GIS (ver. 10.1, ESRI, USA), was used, and the concentration of PAH was displayed as distribution map on the GIS map.
III. RESULTS AND DISCUSSION
Most PAHs reach the soil via deposition from the atmosphere, and PAH concentrations in the soils tend to increase with the increasing impact of industry, traffic, and domestic heating (Jones, et al. 1989) . It is known that low molecular weight PAHs are relatively more volatile and could likely be evaporated by the high temperature and solar radiation of tropical soils.
The measured data for every individual and total PAHs are presented in Table 1 , there are PAHs have not been detected at some locations, but Acenapthene and Dibenz(a,h)anthracene were totally not detected in all samples. The range and arithmetic mean and median of PAH concentrations in soil samples are presented in Table 2 . Total PAH concentrations ranged from 0.310 to 0.869 mg·kg -1 dry weight, with an average value of 0.654 mg·kg -1 . It is clear from the presented tables that the measured detected values of PAHs are close to zero or they are the minimum. Whilst the black plume that is released from Taq Taq field indicate to more than these values of PAHs could be found in the surrounding lands. The reason of that is due to lack of facilities that were between hands during this research work. Fig. 3 presents the total PAHs profile at all locations, at location 3 the total PAH was detected as maximum, whilst the minimum value was detected at location 9. In Fig. 4 , the two dimensional map of PAH distribution around the survey area is presented, the red color indicates to highest polluted area and the blue color is the area that is less affected. 
IV. CONCLUSION
The highest concentration of total identified PAHs was obtained at station 3 with the concentration of 0.869 mg·kg -1 and the lowest were detected at stations 9 and 10 with values of 0.310 and 0.466 mg·kg -1 respectively. Evaluation of several diagnostic ratios suggests that these PAHs were mainly derived from combustion of the flare rather than petro-genic. Stations that have more PAHs detected are located to the north west of the field where the direction of the wind most of times. The detected PAHs in this study are less than that is expected; this is because of lack of facilities. It is necessary to obtain correct and adequate emission inventory to minimize the impact of pollutants discharged from flare. Therefore, in future this work should be repeated using closer laboratories for testing the samples to avoid the possibility of hydrocarbons escape and achieving better results.
